We present a complete set of OGLE photometric measurements for 214 RR Lyrae variables in the Galactic bulge, based on four observing seasons: 1992-95. These are mostly I-band measurements, with some V -band observations obtained mainly in 1995. Based on this material we construct the Fourier decomposition of the I-band light curves and investigate different types of RR Lyr variability. We also determine the value of the extinction-insensitive parameter V V −I for RR Lyr stars in fields with different galactic longitude l and compare with values of V V −I calculated for red clump stars by Stanek et al. (1994) .
Introduction
The Optical Gravitational Lensing Experiment (OGLE) is a long term observing project which main goal is an extensive photometric search for gravitational microlensing events (Paczyński 1986 , Udalski et al. 1992 . For this purpose the CCD photometry of a few millions stars in dense regions near the center of Galaxy was performed. Up to now, after four seasons of observations (years 1992-1995) nineteen microlensing events have been detected (Udalski et al. 1993b , 1994a , 1994b , Paczyński and Udalski 1996 . All the data were obtained with the 1-m Swope telescope at the Las Campanas Observatory in Chile, operated by Carnegie Institution of Washington with a 2048 × 2048 Ford/Loral CCD detector with scale 0.44"/pixel.
Such a large amount of precise photometric data give us an opportunity to study different types of stellar variability (Udalski et al. 1994c (Udalski et al. , 1995a (Udalski et al. , 1995b , to obtain good quality color magnitude diagrams (Udalski et al. 1993a) , to construct a catalog of all stars observed in Baade's Window or to study the Galactic structure (Stanek et al. 1994 . Data collected during the search for periodic variable stars in the central part of our Galaxy were published as The Catalog of Periodic Variable Stars in The Galactic Bulge (Udalski et al. 1994c (Udalski et al. , 1995a (Udalski et al. , 1995b . The Catalog contains I-band light curves, V − I colors, periods, equatorial coordinates of stars with I and period in range 14-18 mag and 0.1-100 days respectively. Discovered variable stars were grouped into three categories: pulsating stars (mostly RR Lyr and δ Sct stars), eclipsing stars (mostly W UMa, β Lyr and Algol type) and miscellaneous variables (mostly late type, chromospherically active stars, ellipsoidal variables and a few Miras).
Investigation of eclipsing and miscellaneous stars from OGLE data have been already performed (Ruciński 1997a , 1997b , Olech 1996 . The main aim of this paper is to provide more information about photometric parameters of RR Lyr variable stars from the Galactic bulge.
RR Lyr Stars in OGLE Catalog of Periodic Variable Stars 2.1 Statistics
Recently OGLE Collaboration published five parts of their Catalog of Periodic Variable Stars in the Galactic Bulge (Udalski et al. 1994c (Udalski et al. , 1995a (Udalski et al. , 1995b . Precise light curves, colors and finding charts for almost 3000 variable stars were presented. Among them 214 RR Lyr stars were detected. Table 1 summarizes results presented in the Catalog and gives galactic Table 1 RR Lyr Stars in OGLE Fields. coordinates of the OGLE 15 ′ × 15 ′ fields and number of RR Lyr stars detected in each of them. One can notice that number of RR Lyr stars in BWC field is significantly larger than in other fields. This is caused by the fact that all BW fields overlap with neighboring fields by 1 arcmin and stars discovered in common regions of BWC and other fields were counted as BWC variables.
Data presented in this work were collected during four observational seasons . Average numbers of I-band and V -band measurements amounted to about 100-200 (depending on the field) and over 20 respectively. Majority of V -band data were obtained during the 1995 season. Complete set of above mentioned data is available via INTERNET in electronic form (ftp host: sirius.astrouw.edu.pl, directory: /ogle/var catalog).
Fourier Coefficients for RR Lyr stars in Baade's Window
To be able to classify various light curves of RR Lyr variables in some algorithmic way we constructed a Fourier fit in the form:
for each I-band light curve of RR Lyr star in OGLE Catalog. Coefficients a k and b k were calculated by least squares method and t 0 = 2448000.0 HJD. The results are presented in Tables 2-6. Such a decomposition of light curve can be potentially used to distinguish between different kinds of RR Lyr and also to determine physical properties of these stars e.g. absolute magnitude and metallicity. Fig. 1 gives I-band light curves of six RR Lyr stars from BW1 with solid line showing the fit given by the Eq. (1). The map of interstellar extinction for BWC-BW8 OGLE fields given by Stanek (1996) was used to calculate free from interstellar extinction values of I 0 and (V − I) 0 . Such data are presented in Tables 7-9. Each Table contains star designation, its period P in days, I (magnitude integrated) brightness, V − I color (defined as V − I ), I 0 brightness, (V − I) 0 color (last two values are available only for BWC-BW8 fields) and V V −I parameter (see Section 3). The V − I colors presented in this paper are slightly different than those given in the Catalog. This is a result of using in this work new V -band data collected in 1995 (not included in the first three parts of the Catalog) and of computing the mean value of V − I instead of V − I color at maximum brightness.
For a few stars V − I color is not determined because of lack of the accurate V -band photometry. These stars are excluded from further analysis. We also omitted faint RR Lyr variables which are located behind the Galactic bulge (i.e. BW4 V132, BW5 V135, BW5 V174, MM7-B V63). Some of them most likely belong the to Sagittarius Dwarf Galaxy (see Alard 1996) . Describing properties of RR Lyr variables we used mainly type ab of these stars. Clear discrimination between both types of RR Lyr stars, based only on amplitude defined as combination of Fourier coefficients (amp = a 2 1 + b 2 1 ) and period of the star, is presented in Fig. 2 . Recently Minniti et al. (1996) published preliminary results concerning RR Lyr variables in MACHO Collaboration database. They found three peaks in period distribution of RR Lyr stars in Large Magellanic Cloud (LMC) and Galactic bulge. The highest peak with longest value of period corresponded to RRab stars (variables pulsating in fundamental mode), the second peak near period 0.32-0.34 d corresponded to RRc stars (pulsating in 1st overtone) and the smallest peak with period around 0.27-0.28 d was interpreted as RRe stars (pulsations in 2nd overtone). Similar distribution for OGLE RR Lyr stars from Galactic bulge is presented in Fig. 3 . One can clearly distinguish two peaks: the higher corresponding to RRab stars and smaller corresponding to RRc variables. No clear peak connected with RRe stars is detected but assymetry in the shape of RRc peak might be caused by RRe stars.
All stars from Tables 7-9 used in further calculations are marked by asterisk. The objects from Tables 7-9 are presented in color magnitude diagram shown in Fig. 4 . For comparison 20% of non-variable stars from BWC field are also plotted.
3 V V −I Parameter for RR Lyr Stars in the Galactic Bulge Stanek et al. (1994) used a well-defined population of bulge red clump stars to investigate the inner galactic structure. For this purpose they defined the extinction-insensitive V V −I parameter:
with reddening law: E V −I = A V /2.6. The values of V V −I showed clear correlation with galactic longitude l, where the smallest V V −I were found in fields MM7 (l ≈ 5.5
• ) and highest ones in fields MM5 (l ≈ −4.8
• ). The difference in values of V V −I between those fields amounted to 0.4 mag which implied the presence of a bar with the major axis inclined to the line of sight by 20-30 deg with axis ratios 3.5:1.5:1 . In their discussion Stanek et al. (1994) pointed out that the changes of the brightness and color of red clump stars, which suggest presence of the bar, might be also caused by variations of A V /E V −I ratio. In the case when this ratio in BW fields is equal to 2.6, the values ∼ 2.9 in MM5 fields and ∼ 2.3 for MM7 fields would explain behavior of V V −I parameter without assumption of presence of the Galactic bar.
Another group of stars which might be used to measure V V −I in different fields of the Galactic center are RR Lyr stars. Using our sample and according to a new determination of A V /E V −I ratio made by Woźniak and Stanek (1996) and Stanek (1996) we took:
and computed the values of V V −I presented in Tables 7-9 . Due to small number of RR Lyr stars in comparison to red clump giants we decided to calculate mean and median values of V V −I . In calculations we used only ab type of RR Lyr stars marked in Tables 7-9 by asterisk. Results are presented in Fig. 5 . No clear correlation between V V −I and galactic longitude l in both cases is detected. It seems to suggest that there is no fluctuations in A V /E V −I ratio, the bar really exists and RR Lyr variables form a spherically symmetric inner halo around center of our Galaxy. The rims of that inner halo are most likely a beginning of the outer halo containing also RR Lyr variables and additionally globular clusters and blue horizontal branch stars. But accuracy of our determination of V V −I for RR Lyr stars is low due to limited sample and one cannot totally exclude possibility of the presence of some dependence V V −I on l for RR Lyr stars. Similar result for their W V −R extinction insensitive parameter for RR Lyr stars was obtained by Minniti et al. (1996) .
Conclusions
We presented parameters of the Fourier decomposition of light curves of RR Lyr type variable stars from The OGLE Catalog of Periodic Variable Stars in the Galactic Bulge. We also calculated values of mean I brightness, V − I color and extinction insensitive V V −I parameter for all RR Lyr stars in the Catalog. Additionally for fields with known interstellar extinction (Stanek 1996) i.e. BWC-BW8 we computed I 0 and (V − I) 0 . Based on Fourier parameters we showed the way of clear discrimination between RRab and RRc stars. The construction of histogram with period distribution allowed us to find trace of third kind of RR Lyr stars (RRe pulsating in the 2nd overtone). Similar result was reported by Minniti et al. (1996) in population of RR Lyr stars in LMC and the Galactic bulge.
To check the stability of the A V /E V −I ratio in the fields in the Galactic bulge we also investigated the behavior of extinction insensitive parameter V V −I for RR Lyr variables placed at different galactic longitudes. There is no clear trend between V V −I and galactic longitude l but due to the small number of objects in our sample accuracy of determined mean values of V V −I is low. If the lack of V V −I (l) dependence is real it means that RR Lyr variables form a spherically symmetric inner halo around center of our Galaxy. It also means that A V /E V −I ratio in all measured OGLE fields is stable and likely equal to 2.5 (Woźniak and Stanek 1996) . This fact confirms the presence of the galactic bar which was found in the investigation of the red clump stars (Stanek et al. 1994 .
To confirm above conclusions further observations of RR Lyr stars, especially in the fields with |l| > 5
• , are needed. All photometric parameters of RR Lyr stars presented in Tables 2-6 
